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ABSTRACT

The ultrastructure of the ciliate protozoan
Cothurnia simplex Kahl is investigated under the light
and electron microscopes.
All structures are examined
but special attention is given to those features asso
ciated with ciliary movement and contraction of the
organism.
A close relationship is shownito exist b e 
tween the myonemes and basal bodies.
Evidence for a
deviation of the tri-tubular arrangement of the nine
peripheral bundles of microtubules in the region between
the terminal and proximal plates of the basal bodies is
also presented.
The non-contractile stalk is examined
and particular attention is given to the point of
attachment between the ciliate and its algal host.

x

THE ULTRASTRUCTURE OF COTHURNIA SIMPLEX KAHL

i

INTRODUCTION

Use of the electron microscope has greatly increased
our knowledge of protozoan cell structure and function.

In

the Phylum Protozoa, the class Ciliata has been studied more
extensively under the electron microscope than any other
class.

For example, Elliott and Tremor (10) studied the

pellicle in conjugating Tetrahymena pyriformis.

Roth (35)

has studied a filamentous component of fibrillar systems
in a variety of ciliated protozoa, and using Tetrahymena
pyriformis, Roth and Minick

(36) examined the relationship

between nuclear and cytoplasmic events during division.
Randall and Jackson

(31) described the morphology of Stentor

polymorphus while, working alone, Randall

(2 8) has examined

the general ultrastructure of several ciliates as well as
studying the stalks of members of both the Vorticellidea (29)
and Epistylidae

(30).

The laboratories of Faure-Fremiet and

Rouiller have also conducted a considerable amount of elec
tron microscopic studies of various organelles of ciliates
(11, 32-34).

In addition, Jurrand (22) has examined the

food vacuoles in Paramecium aurelia.

However, many of the

results of these earlier ultrastructure studies were often
ambiguous due to the limited preparation techniques available.
With the use of glutaraldehyde as a,fixative
2

(37),
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resolution obtainable under the electron microscope was
greatly improved.

Typical of many studies on the ultra

structure of ciliates conducted after the advent of
glutaraldehyde are those dealing with only one feature
or structure of the organism.

For example, the ultra

structure of the cilia of ciliates has been widely studied
(7, 8, 14-18, 38).

Lorn and colleagues

(23) have studied

the ultrastructure of the buccal apparatus in thigmotrich
ciliates.

The fine structure of the mastigont system has

been examined in several species of Tritrichomonas

(9, 21)

while Tucker (43, 44) has studied the relationship of
microtubules with the cleavage furrow and feeding organelles
in certain ciliates.

Using Nassula, Tucker (42) also re

ported on the fine structure of the cytopharyngeal basket
and Amos

(3) has recently examined the peritrich ciliates

Vorticella and Carchesium with respect to the structure and
coiling of the stalk.
Relatively few studies, however, have been concerned
with the morphology of the entire organism.

It is the

purpose of this paper to describe the ultrastructure of
the protozoan Cothurnia simplex Kahl.

Although all morpho

logical features of this loricate peritrich will be exam
ined, special attention will be given to those structures
associated with ciliary movement and contraction of the
organism.

MATERIALS AND METHODS

Cothurnia simplex Kahl examined in this investigation
was found epizoic on the marine red alga Polysiphonia
denudata collected from an area of the York River just
north of Yorktown, Virginia.

Both the algae and the

attached ciliates were fixed for six hours in a 2.5%
glutaraldehyde-3%

(v/v)

(w/v) paraformaldehyde solution in a

pH 6.6 0.1 M phosphate buffer with 0.25M sucrose added.
The material was briefly rinsed in buffer and post-fixed
for two hours in 1% (w/v) osmium tetroxide in phosphate
buffer.

The specimens were then rinsed in buffer and trans

ferred to 50% (v/v) acetone before being left overnight in
70%

(v/v) acetone and 2% (w/v) uranyl acetate at 4°C.

Following dehydration in a graded acetone series, the material
was embedded in Epon-Araldite

(24).

Sections were cut with

a diamond knife using both Porter-Blum MT-2B and LKB Ultrai

tome III ultramicrotomes.
lead citrate
hole grids

The sections were stained with

(45) and placed on either formvar coated one-

(12) or 300 mesh grids.

Sections were observed

and photographed in a Zeiss EM 9S-2 electron microscope.
Light microscopic photographs of live material were taken
on a Zeiss Photomicroscope II equipped with Normarski differ
ential interference optics.
4

The terminology of Tucker (43)

will be used wherever applicable in the description
pellicular layers and basal bodies.

RESULTS

Light microscopic observations

(Figs. 1, 2) have shown

the adult form of the loricate peritrich Cothurnia simplex
Kahl to be epizoic on the marine red alga Polysiphonia
denudata.

The size of the adult ciliate is approximately

40/4 in the extended position and 20.0/f in the contracted
state, both measurements being made from the point of
attachment on the alga to the peristomal disc of the ciliate.
The lorica is asymmetrically goblet-shaped with variations
being random from one animal to another.

The ciliate is

asymmetric along the median line with the peristomal disc
being tilted at approximately ten degrees from the plane
perpendicular to the median line.

In the fully extended

condition (Fig. 1), the peristomal disc is seen to protrude
from the lorica while in the contracted state

(Fig. 2), the

peristomal disc is withdrawn well inside the lorica.

In

the contracted state the cilia are not visible since they
are enclosed within the buccal cavity following a contrac
tion of the peristomal collar.

When viewing the ciliate

from the anterior end, the cilia are extended in a clock
wise direction and also beat in a clockwise direction.
surface of the organism is observed to be very rough and
further examination of the surface reveals horizontal
6

The
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striations of the pellicle, which I refer to as M-banding,
o n approximately the posterior two thirds of the animal
1, 3).

(Figs.

This M-banding persists in all conditions with the

bands being closer together in the contracted state.

The

ciliate is attached directly to the alga by a non-contractile
stalk (Figs. 1, 2, 7).

However, the means of attachment

is not yet understood.

The lorica is attached to the stalk

just posterior to the presumptive ciliary girdle

(Fig. 7).

Examination under the electron microscope indicates
that the thickness of the lorica is not uniform and that
the thickest portion is found at the base
lorica has a granular appearance

(Fig. 3).

The

(Fig. 4) and is probably

composed of silicon granules cemented together by a poly
saccharide secreted by the ciliate

(41).

The exact

mechanism for synthesis of the polysaccharide and construc
tion of the lorica is presently unknown for loricate
peritrichs

(41).

The pellicle of Ch_ simplex is highly differentiated
(Figs.

3, 5, 6, 8, 14-17)

material.

and is quite flexible in living

Compatable with the findings of Grim (15)7 Tucker

(42, 43) and Allen

(2) on other species of ciliates, the

pellicle of Ch_ simplex is composed of three distinct layers
with the outermost; layer consisting of the plasma membrane
that completely encloses all components of the organism.
Underneath the plasma membrane is an alveolar layer con
taining an irregular reticulum of dense material due to
the destruction of a presumptive unit membrane

(4 3).

The

epiplasmic layer lies beneath the alveolar layer.

The

alveolar layer is absent in certain areas of the animal,
such as around the cilia where rapid movement occurs
14-17).

(Figs.

Pores, approximately 50nm in diameter, can fre

quently be observed to connect the interior of the cell
with the external environment

(Fig. 5).

These pores may

be involved in either the secretion of polysaccharides
produced by the ciliate or the excretion of waste material
and excess water via the contractile vacuole

(41).

The

outer two layers of the pellicle are frequently destroyed
during fixation and embedding,

and as a result will give

the appearance of environmental debris encrusted in a layer
\

of mucopolysaccharide.
i

As previously stated, the ciliate with its lorica are
attached to the alga via a non-contractile stalk

(Fig. 7).

The stalk is irregularly shaped and composed of a system of
filamentous material.

The myonemes of the animal, described

later, extend for a short distance into the, anterior part
of the stalk.

In this region, there are frequent "slits"

that can be observed between the stalk and ciliate.

It is

at this general area of the stalk that the animal is known
to detach and swim away after division has occurred (41).
The periphery of-this attachment point between ciliate and
stalk is referred to as the presumptive ciliary girdle.
The basal portion of the stalk is considerably wider and
v

more electron dense just anterior to the point of attachment
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with the alga

(Figs. 7, 9).

An electron opaque material

persists on both sides of the algal cuticle and is probably
secreted either by the ciliate as a cementing substance or
by the alga in response to the associated ciliate.
Unlike Stentor polymorphus in which the contractile
apparatus is composed of myoneme columns that extend the
entire length of the animal

(31), the myonemes of Cothurnia

simplex are well developed and are continuous around the
entire periphery of the cell posterior to the buccal infundibulum (Fig.

3).

The myoneme band is bound on the

outside by the epiplasmic layer of the pellicle while the
interior limits are unbound.

However, the interior limits

are frequently associated with endoplasmic reticulum (Figs*
8, 10).

The diameter of the myonemes is constant through

out the cell with 1^he exception of the basal region where
i

the stalk is attached.

At this region, the myoneme is

relatively thin, while in the area encircling the attach
ment point it is thicker than found elsewhere*in the cell.
The myonemes are composed of filaments that appear similar
in size and morphology to microfilaments

(46).

Also found

in the myonemes are canaliculi and vesicles which possibly
transport material to the pellicle.

In the region where

the M-banding of the pellicle terminates,

the myonemes

curve in towards the center line of the animal and become
associated with the basal bodies of the.polykinety

(Figs.

v

8, 10-12, 15).

A few filaments of the myonemes continue
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along the base of the infundibulum and are found associated
with the basal bodies of the haplokinety

(Fig. 13).

Regions of the main shaft of cilia in cross-section
exhibit the typical 9+1 arrangement of paired microtubules
(Fig. 20).

As in Nassula

(43), it is possible that the

two central tubules of Cothurnia simplex cilia differ in
that one of them terminates proximally in contact with the
axosome while the other terminates just before it contacts
the axosome

(Fig. 17).

The densely stained spheroid axosome

is the first non-tubuliar structure that is encountered
proceeding proximally from the tip of each cilium.

The

axosomal plate is positioned just below the axosome and
curves around the latter's lower surface

(Figs. 14-17).

Near the base of each cilium an annulus is located between
the plasma membrane and the outer ciliary fibers
14-17).

(Figs.

The function of the annulus appears to be the

binding of the membrane with the outer fibers since the mem
brane frequently bulges inwards toward the fibers at the
level of the annulus

(43).

A terminal plate is situated at the junction of the
ciliary shaft and the basal body.

The top of the distal

sheath is level with the upper surface of the axosome while
the bottom is found just above the terminal plate
15, 17).

(Figs. 14,

Below the level of the terminal plate each cilium

is encircled by a rosette which connects it to the epiplasmic
\

layer of the pellicle

(Figs. 14, 15, 17).

In cross-section,
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this appears as a collar around the ciliary shaft and has
been called the circum-ciliary ring (25)

(Fig. 18).

The

proximal sheath lies inside the ring of basal body tubules
and extends from the base of the terminal plate to the level
of the proximal plate situated at the end of the basal body
(Figs. 14-16).

The distal cartwheel described in the basal

bodies of Nassula

(43) does not appear to be present in the

basal bodies of Cothurnia simplex.

Also, there is no ex

tension of the basal bodies below the proximal plate in C.
simplex and hence no proximal cartwheel as in Nassula

(43).

Peripherally, the area between the terminal and proxi
mal plates of the basal bodies exhibits the typical ring of
nine bundles of three microtubules each (Fig. 18).

However,

several sections through this region frequently show a def
inite deviation from the tri-tubuler arrangement in that as
many as five or six microtubules can be found in many bundles
(Fig. 19).

The presence of additional microtubules is

generally limited to only one side of the basal body.

For

orientation purposes, when viewing the ciliate from the
anterior end, structures extending in a clockwise direction
are referred to as being to the right (as in 43).

Longi

tudinally, an area of densely stained material is found on
the exterior of the right side of the basal body in approxi
mately the >1ower half of the area between the terminal and
proximal plates

(Fig. 16).

It is plausible that this

densely stained material represents the presence of additional

12

microtubules.
As previously stated, the proximal plate of the basal
body is frequently associated with the microfibrillar system
of the myonemes.

Cytoplasmic microtubules are also found to

be situated in close proximity with the basal bodies and
could possibly assist in the retraction of the buccal infundibulum during the contraction of the animal.
The basal bodies of the polykinety are evenly spaced
in three parallel and equidistant ranks

(Figs. 15, 19) with

basal bodies in the same rank being joined by banded fibers.
The basal bodies of the haplokinety are arranged in a single
rank with banded fibers being found as in the polykinety.
A longitudinal band of microtubules is found to the right
of each kinety

(25, 43),

(Fig. 19).

A microtubular post-

ciliary fiber projects posteriorly and to the right from
each basal body

(Figs. 18, 19) and passes along the longi

tudinal band and becomes part of it.

The possibility that,

as in the kinetodesmal fibers of Stentor (5), each longi
tudinal band is constituted of overlapping post-ciliary fibers
has not been excluded.

There is also a fiber system referred

to as the S-band (41) that has been found to be situated
posteriorly and to the right of the longitudinal band (Fig.
21).

However, the composition and function of the S-band

has not as yet been ascertained.
The double membrane bound mitochondria (Figs. 5, 9, 11,
22-24, 29, 31, 33) are typical of those found in the majority

13

of protozoa.

A variety of sizes and shapes of mitochondria

are found within each ciliate.

The internal structure of the

mitochondria is composed of convoluted tubules instead of
the cristae found in most metazoan cells.

The mitochondria

are concentrated in areas in which active cell metabolism
probably occurs, such as in the areas of food vacuoles and
along the inner surface of the myonemes

(Figs. 9-11).

The

food vacuoles are bound by a single membrane and are gener
ally situated at the basal end of the ciliate.

Small food

vacuoles frequently appear to coalesce to form large food
vacuoles.

The internal composition of food vacuoles depends

on the stage of digestion.

Recently formed food vacuoles

contain whole bacteria and other food material while older
food vacuoles contain only remnants of those materials that
could not be used by the ciliate.

Closely associated with

the food vacuoles are structures referred to as cuplets
(Figs. 22, 24, 27, 28).

(41)

These cuplets are believed to con

tain ATP-ase and other degradative enzymes which are used
by the food vacuole in the digestion of material

(41).

Many vesicles are situated at the posterior end of
the ciliate Cothurnia simplex (Figs. 24-26, 29).

All

vesicles are bound by single membranes and the inner elec
tron density differs within the vesicles of a single cell.
Two general types of vesicles are observed, those that
appear homogeneous

(Figs. 24, 25) and those that possess a

dark core (Figs. 24, 26).

The homogeneous type is of medium

14

electron density under the electron microscope and is
frequently associated with what appears to be old food
vacuoles containing only non-degradable material (41).
The dark cored vesicles are much denser and have a light
ring between the dark material and the limiting membrane.
Also, the outer surface of the dark cored vesicle is
covered with ribosomes while the homogeneous vesicles
lack this feature.

The presence of the two vesicle types

might lead one to expect the presence of a Golgi apparatus
in Cothurnia.

However, serial sections made both longi

tudinally and in cross-section failed to reveal any struc
ture that could be interpreted as being a conventional
Golgi apparatus.
The endoplasmic reticulum (Figs. 29, 31) is character
istic of most protozoan and metazoan cells.

All photographs

of the endoplasmic reticulum (ER) indicate that ribosomes
are attached to the exterior of the membrane.

However,

the ribosomes attached to the ER are but a small fraction of
the total number found in this ciliate as the majority of
the ground cytoplasm is composed of free ribosomes.

The

ER becomes considerably more extensive as the age of the
ciliate increases and there is at all times a close asso
ciation of the ER with the macronucleus and micronucleus
(Figs.

29, 31).

It also has been reported (33), and is

supported by this investigation, that the canaliculi within
the myonemes are at least intermittently continuous with the

15

ER (Figs. 5, 22).

Faure-Fremiet and Rouiller (33) have also

pointed out the parallelism between the canaliculi-ER asso
ciation and the sarcoplasmic reticulum of vertebrate striated
muscle

(a canalicular system around and in the Z-bands of

muscle fibers).

This same relationship between the canaliculi

and ER has been found in Stentor polymorphus
The contractile vacuole

(31).

(Figs. 5, 30, 31) is a single-

membranous organelle situated at the anterior end of the cell
just beneath the buccal infundibulum and is partially sur
rounded by a tubular system called the nephridioplasm.
function of the contractile vacuole is osmoregulation

The
(27)

and in most species tested (11), the rate of cyclic contrac
tion and the maximum size of the vacuole before discharge
vary inversely with the concentration of splutes in the ex
ternal medium.

It has also been suggested that the contrac

tile vacuole may be involved in the excretion of waste
material but at the present time there is no data to support
this hypothesis.

In all cases, contractile vacuoles examined

in this investigation contained a large (relative to the
dimensions of the vacuole) particle of unknown composition or
source.

The nephridioplasm is continuous with the ER and

can be seen to connect with the contractile vacuole
30, 31).

(Figs. 5,

It has been shown that the nephridioplasm serves

as a means for the collection of water to be excreted from
the cell (39).
Cothurnia simplex is representative of all ciliate

16

protozoa in that it contains a macfonucleus and a micro
nucleus.

The macronucleus is generally believed to be

concerned with metabolic processes while the micronucleus
is considered to be involved with reproduction.
macronucleus

The adult

(Figs. 31, 32) is ribboned or beaded in shape,

and depending on the plane of section, may appear to consist
of several separate lobes.

The chromatin material is con

centrated in large granules that are of variable configura
tion and distribution throughout the nucleus.

It appears

that each lobe of the macronucleus contains a single
nucleolus which does not stain as densely as the chromatin
material and occupies variable locations within each lobe
of the macronucleus.

The remainder of the interior of the

adult macronucleus in this ciliate is composed of a flocculent nucleoplasm.

The macronucleus is bound by an envelope

consisting of two membranes containing numerous pores 64nm
in diameter

(Fig. 32).

The outer membrane of the nuclear

envelope is covered by ribosomes.
C. simplex and other species of ciliates that are ready
to replicate have a macronucleus that is different from that
described above

(41).

The basic shape remains constant but

the chromatin material becomes compact and is situated
around the periphery of the nucleus

(Figs. 33, 34).

In

addition, the quantity of flocculent material in the macro
nucleus appears to increase and it becomes more tightly
packed while the nucleoli remain structurally the same but

always occupy the center of the lobe.
The micronucleus

(Fig. 35) of the adult is spherical

with the chromatin material being loosely distributed
throughout the center.

There is no or very little floe-

culent material found within the micronucleus and there are
many ribosomes attached to the outer membrane of its enve
lope.

The micronucleus is much smaller than, and in close
i
proximity to, the macronucleus but no direct connection
between the two has been observed.

DISCUSSION

Although the general morphology of Cothurnia simplex
Kahl reported in this paper is compatable with previous
morphological studies of ciliate protozoa

(4, 6, 19, 20, 26),

several features require further consideration as they are
peculiar to this loricate peritrich.

One such feature for

consideration is the absense of a well developed Golgi
apparatus and the presence of numerous vesicles.

It is

possible that the Golgi apparatus may only be found in im
mature C\_ simplex that are actively secreting material for
construction of the lorica, and that the structure degen
erates when it is no longer needed.

The vesicles that are

seen in the adult cells may then be left from a pre-existing
Golgi apparatus.

It is also possible that the homogeneous

vesicles are lysosomes used in the digestion of food or cell
repair.

However, lysosomes would also require the presence

of a Golgi apparatus for their formation.

Therefore, if

these vesicles are lysosomes, the assumption may again be
made that a Golgi apparatus was present at an earlier stage
of development.
The non-contractile stalk of Cothurnia is much less
complex than the contractile stalks of Vorticella and
Carchesium (3, 30).

The means of formation of the stalk
18
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or its attachment onto the alga is not yet ascertained.

The

attachment of the ciliate onto the alga is probably accom
plished by the cementing of the ciliate's stalk to the cuticle
of the wall of the alga.

Evidence also suggests a modifi

cation of the cuticle of the alga.

This is supported by the

presence of the electron opaque material which persists on
both sides of the algal cuticle.
i

The association between the myonemes and basal bodies
of both the polykinety and haplokinety suggests that C. simplex
possesses one of the more complex contractile mechanisms
among the peritrichs.

This relationship has not been reported

in the other orders of Peritrichida but further examination
of the other orders must be performed before it can be con
cluded that this feature is unique to C. simplex or even to
the genus Cothurnia.
Although a wide variety of differences in the kinetosomes
of cilia have been found in many different cell types, the
deviation from the tri-tubular arrangement of the nine peri
pheral bundles of microtubules in the region between the
terminal and proximal plates of the basal bodies is unique
among all studies of basal body ultrastructure to date.

The

presence on the right side of the basal bodies of as many as
six microtubules in the peripheral bundles, combined with the
fact that the cilia beat to the right, suggests that the
function of the additional microtubules may be to increase
the efficiency and/or rapidity of ciliary movement.

This
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hypothesis for the function of the additional microtubules
gains support from the fact that the activity of cilia is
based on the sliding of the microtubules.

The activity of

a cilium may be directly proportional to the number of
microtubules present in each bundle
The infraciliature of

(40).

simplex is very similar to

Opisthonecta (7), Spirostomum (8), Tritrichomonas
Euplotes

(9),

(13-15), Gastrostyla (17, 18), Stentor (31), and

Tetrahymena

(1), to name just a few.

The ultrastructure

of the infraciliature in complex ciliary structures

(16)

is similar in basic design for all ciliate protozoa.
Variations in the arrangement of haplokinety and polykinety
as well as the activity of the cilia will determine gross
infraciliary differences among genera while slight differ
ences, such as position of the longitudinal and S-bands,
will determine infraciliary differences between species.
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KEY TO STRUCTURES CITED
a
alveolar layer of the pellicle
al
alga
an
annul us
ap
axosomal plate
ax
axosome
bf
banded fibers
c
cilia
ccr--circum-ciliary ring
cr
chromatin material
ct
cup let
cv
contractile vacuole
dc
dark cored vesicle
ds--distal sheath
e
epiplasmic layer of the pellicle
er
endoplasmic reticulum
fv--food vacuole
h
homogeneous vesicle
1--- lorica
lb
longitudinal band
k --- kinetosome (basal body)
m --- mitochondria
m f — -microfilaments
my-- my one me
n--- macronucleus
ne
nuclear envelope
n p -- nephridioplasm
nu-- nucleolus
p --- pellicle
pcf— post-ciliary fiber
pm-- plasma membrane
ps-- proximal sheath
r--- rosette
s
non-contractile stalk
s!-- "slits"
t--- terminal plate
y --- proximal plate
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Figure 1

Light micrograph of Cothurnia simplex
Kahl using Normarski differential inter
ference optics.
Organism is in the ex
tended state.
Note the attachment of
the ciliate with the alga and the
striations or M-banding of the pellicle.
(X 2450)

Figure 2

Light micrograph of CL_ simplex using
Normarski differential interference
optics.
Organism is in the contracted
state.
(X 2 4 50)

Figure 3

Longitudinal section of
simplex.
Note the multi-lobed appearance of the
macronucleus.
The stalk can be seen to
be continuous between the ciliate and
the alga, with the lorica attached to
the stalk.
(X 6300)
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Figure 4

Longitudinal section through the lorica
showing the granular nature of its
interior.
(X 18,300)

Figure 5

Longitudinal section showing the contrac
tile vacuole and the associated nephridioplasm.
Note the M-banding of the pellicle,
the internal structure of the mitochondria,
and the presence of a pore (arrow) passing
through the pellicle.
The nephridioplasm
is seen to empty into the contractile
vacuole as well as to be connected with
the ER.
(X 29,500)

Figure 6

Section through the pellicle showing the
arrangement of the plasma membrane,
alveolar layer, and epiplasmic layer.
(X 103,600)
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Figure 7.

Longitudinal section through the stalk.
The myonemes are seen to extend into the
anterior end of the stalk and the presence
of "slits" in the area of the presumptive
ciliary girdle is shown.
The point of
attachment with the alga is also presented.
Note the filamentous material in the body
of the stalk.
(X 2 8,100)

Figure 8.

Section of the area where the myoneme band
curves in towards the center line of the
ciliate.
The M-banding stops in the same
region as where the myoneme turns in.
Note the association of the myoneme with
the kinetosomes of the polykinety.
(X 26,600)

Figure 9

High magnification micrograph through the
point of attachment of the ciliate and alga,
Note the electron opaque material that per
sists on both sides of the algal cuticle.
Also, the quantity of filamentous material
per area in the stalk increases just above
the point of attachment.
(X 5 7,800)

Figure 10. Same view as in Figure 8 except
opposite side of the organism.
myoneme-kinetosome relationship
8 can again be seen.
Also note
ciation between the myoneme and
(X 29,500)
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Figure 11 •

High magnification micrograph showing the
myoneme-kinetosome association of the
polykinety.
Again note the internal
structure of the mitochondria.
(X 86,800)

Figure 12.

Electron micrograph showing the micro
filaments of the myoneme coming in contact
with the kinetosome of the polykinety.
(X 86,800)

Figure 13.

Extension of the microfilaments of the
myoneme beneath the buccal infundibulum
coming in contact with the kinetosomes
of the haplokinety.
(X 86,800)
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Figure 14.

Longitudinal section through a cilium and
its basal body of the haplokinety showing
the components of the basal body and its
relationship with the pellicle.
Note that
the alveolar layer of the pellicle is not
present in the area encircling the cilium.
(X 109,200)
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Figure 15.

Longitudinal section through the cilia and
kinetosomes of the polykinety.
The same
structures and associations as those in
Figure 14 are presented.
(X 109r200)
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Figure 16.

Longitudinal section of the cilia and
kinetosomes of the polykinety showing the
presence of an electron dense material on
the right side of the kinetosome in the
area between the terminal and proximal
plates (arrows).
(X 109,200)

Figure 17.

Longitudinal section through the cilium and
its kinetosome.
The plane of sectioning
shows the presence of an electron dense
material on both sides of the kinetosome.
The possible difference in the two central
tubules of the ciliary shaft can be seen
(arrow).
(X 109,200)
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Figure 18.

Cross-section through the kinetosomes of
cilia.
Section represents several levels
of the basal bodies.
The basal body
indicated by the arrow possesses the
typical tri-tubular arrangement of micro
tubules in each peripheral bundle.
The
post-ciliary fibers are seen to extend
posteriorly and to the right of the basal
bodies.
(X 112,000)

Figure 19.

Cross-section through the polykinety at
the level of the region between the
terminal and proximal plates.
Some of
the basal bodies (arrows) possess addi
tional microtubules in the peripheral
bundles.
The post-ciliary fibers can
again be seen to extend posteriorly and
to the right and to come in contact with
the longitudinal band to the right.
(X 80,000)
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Figure 20.

Cross-section through the distal region of
the cilia.
The arms (arrow) of the "b"
microtubule in the peripheral bundles can
be seen.
(X 112,000)

Figure 21.

High magnification of the S-bands to the
right of the polykinety.
(X 156,000)

Figure 22.

Area of high concentration of mitochondria
around food vacuoles and myoneme.
Also,
cuplets are seen in the general area of the
food vacuoles.
The double membranous
structure of the mitochondrial envelope
and the tubular interior is presented.
(X 35,200)

Figure 23.

High magnification of a mitochondrion
showing the typical structure as found
in nearly- all mitochondria of the proto
zoa.
(X 58,800)
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Figure 24.

Section near the base of the ciliate
exhibiting the abundance of vesicles,
both homogeneous and dark cored.
(X 37,100)

Figure 25.

Homogeneous vesicle in close association
with old food vacuoles.
(X 89,600)

Figure 26.

Dark cored vesicle with a ring of light
material surrounding a dark core.
Note
the presence of numerous ribosomes on
the outside of the vesicular membrane
as opposed to the outside of the membrane
of the homogeneous vesicle shown in
Figure 25.
(X 157,200)
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Figure 27.

Cross-section of a cuplet.

Figure 2 8.

Longitudinal section through a cuplet.
(X 148,400)

Figure 29.

Nuclear envelope and ER are in close
proximity.
The presence of vesicles is
also seen.
(X 42,800)

Figure 30.

Contractile vacuole and nephridioplasm.
The nephridioplasm is seen to connect with
the contractile vacuole (arrow).
(X 22,140)
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(X 148,400)

Figure 31.

Multi-lobed appearance of the macronucleus
showing the arrangement of the chromatin
material and nucleoli.
The presence of
flocculent material within the nucleus is
also shown.
Note the ER is in close
proximity with the nuclear envelope.
(X 17,000)

Figure 32.

High magnification of the macronucleus
showing the structure of the nuclear
envelope and the presence of nuclear
pores (arrows).
(X 31,400)
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Figure 33.

Section through the macronucleus of an
animal that is nearing replication.
Note the condensation of the chromatin
material around the periphery of the
nucleus.
(X 17,000)

Figure 34.

Section through the macronucleus of a
ciliate that is even nearer to the stage
of replication than the one presented in
Figure 33.
The chromatin material is
almost completely compacted into a single
granule and the quantity of flocculent
material has increased.
(X 19,000)

Figure 35

Micronucleus showing the loosely packed
nature of the chromatin material and the
almost complete lack of flocculent
material inside the nuclear envelope.
(X 49,400)
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